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Abstract:  In lost foam casting (LFC) the foam pattern is the key criterion, and the filling process is crucial 
to ensure the high quality of the foam pattern. Filling which lacks uniformity and denseness will cause various 
defects and affect the surface quality of the casting. The inﬂ  uential factors of the ﬁ  lling process are realized in this 
research. Optimization of the ﬁ  lling process, enhancement of efﬁ  ciency, decrease of waste, etc., are obtained by 
the numerical simulation of the ﬁ  lling process using a computer.
The equations governing the dense gas-solid two-phase flow are established, and the physical significance 
of each equation is discussed. The Euler/Lagrange numerical model is used to simulate the fluid dynamic 
characteristics of the dense two-phase ﬂ  ow during the mould ﬁ  lling process in lost foam casting. The experiments 
and numerical results showed that this method can be a very promising tool in the mould ﬁ  lling simulation of beads’ 
movement.
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L
ost foam casting (LFC) is the new precision casting 
technology and represents 21st century casting 
technology. The foam pattern plays the key role in lost foam 
casting, and the ﬁ  lling process is crucial to ensure the quality 
of the foam pattern, especially that of a complex casting with a 
thin wall. 
The obvious limitation of experimental research is that it is 
time consuming and expensive, and also subject to errors 
[1-3]. 
The expensive piece of equipment becomes an expensive 
experiment to determine why it doesn’t work and how to 
correct it. Another limitation of experiments is that not all the 
physical parameters can be easily measured. Even simple, 
well-planned experiments, which provide a wealth of data, can 
not measure all the independent variables 
[2-6]. Here, a mating 
of experiment and calculation provides the missing pieces. 
One can logically assume that if the calculation compares well 
with the available experimental data, then the calculation will 
give a good picture of the missing data.
Simulation of gas-solid two-phase flow has developed in 
this decade 
[7, 8]. The mathematical models to describe gas-
solid two-phase ﬂ  ow can be divided into two kinds, one is the 
Lagrange method 
[9] which uses the Lagrange coordinates to 
research physical variables when particles move, and it regards 
the gas phase as a continuous medium, and the solid phase as 
a discrete medium. The other is the Euler method 
[10] which 
regards both the gas phase and the solid phase as continuous 
media affecting each other. According to the peculiarities 
of the particles’ movement, the two-phase flows are divided 
into thin two-phase flow and thick two-phase flow 
[11]. The 
former is controlled by the area and the volume; and the latter 
is controlled by the impact and the friction of particles 
[12, 13]. 
Presently the Euler method, which is used widely for the thick 
two-phase flow, can only reflect the average characteristics 
and statistical regulation. Thus it has a certain limitation in 
engineering application such as being unable to calculate the 
particle combustion with complex phase transition 
[14]. The 
Lagrange method is the combination of a macroscopic quasi-
flow model and a discrete particle dynamic model. It can 
not only trace every particle directly, but also calculates the 
particles’ interactive force under impact 
[15]. Taking no account 
of limitation to particle numbers and calculation error, the 
Lagrange method is more appropriate than the Euler method. 
Consequently, this method has become a hot issue pursued by 
researchers in Japan, America, and some countries in Europe 
[16-18]. 
Today, with the rapid development of computer's speed and 
capacity, it becomes possible for numerical simulation to trace 
a single particle moving in a particle ﬁ  eld at a certain scale.
1 Governing equations
This study uses a Euler/Lagrange discrete particle model to 
investigate the mould filling process of foam pattern which 
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belongs to a thick two-phase ﬂ  ow. 
The gas phase continuum equation is shown below 
[19]: 
                               (1)
Where ug is the velocity of gas, tg is the density of gasf  g is 
the void ration.
There is no mass transfer between gas and solid in the ﬁ  lling 
process. So the equations of the gas phase momentum are 
listed as follows 
[20]:
             (2)
                (3)
                                             (4)
Where, xg is the stress tensor of gas, Sp-g is the interactive 
force between particle phase and gas phase which can be 
gained by calculating particle phase.
The particle movement pushed by external force conforms 
to Newton’s second law. Considering that the particle is only 
subject to gravity and the drag force from gas, the particle 
movement equation is 
[21]:
                   (5)
Where vp is the particle velocity, Cd is the drag force 
coefﬁ  cient, tp is the particle density, and dp is the diameter of 
the particle. To simplify the calculation, those cases where the 
particle Reynolds number is less than 0.4 are discarded. The 
drag coefﬁ  cient Cd refers to the formula given by Richardson 
and Rowe as follows:
         (6)
Rep is particle Reynolds number deﬁ  ned as follows:
                 (7)
2 Results and discuss
The usual methods applied to solve the nonlinear equations in 
the model are SIMPLE, MAC, SMAC and SOLA methods. Dr. 
Wang of Shenyang Research Institute of Foundry analyzed the 
convergence, iteration and calculating time by making a comparison 
among SIMPLE, SMAC and SOLA methods, concluding that the 
SOLA method is the best one for its more highly efﬁ  cient iteration 
and shorter CPU calculating time. Therefore SOLA is adopted in 
this study to calculate the movement of the gas flow. The foam 
beads are assumed to be identical particles whose diameter is 2 mm, 
and density is 20 kg/m
3. A uniform grid is adopted with a mesh with 
dx = 4 mm. Filling processes with different exhaust conditions 
are simulated in this study. 
        (a) 45 gas vents                             (b) 69 gas vents
Fig. 1 Filling processes with different exhaust conditions
The two process simulations are shown as follows:
                (a) 0.12 s                         (b) 0.86 s                  (c) 1.82 s 
Fig. 2 Numerical simulation of the pressure proﬁ  les with 45 gas vents
                (a) 0.12 s                         (b) 0.86 s                   (c) 1.82 s 
Fig. 3 Numerical simulation of the pressure proﬁ  les with 69 gas vents
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Foam beads are shot into the mould cavity from the inlet 
by compressed air. Pole of foam beads flow appears in the 
middle of the mould. The particles are numbered to track 
their movement. In the post-process, different colors mark 
particles with different numbers. The particles shown in blue 
are injected ﬁ  rst, and the red ones are those injected later. The 
ﬂ  ow of beads rapidly collides with the bottom of the mould 
because of the narrow mould cavity in the shooting direction, 
and rebounds radially outward. There is an area of negative 
pressure on top of the mould cavity due to the high initial 
velocity of compressed air. Thus, the rebounding beads will 
converge along the shooting inlet when spreading around, 
and then pile in the bottom of the mould under the inﬂ  uence 
of gravity and collisions. During the whole filling process, 
beads ﬁ  ll the mould radially from the center of the mould to 
the edge, and the mould will be ﬁ  lled up from the bottom with 
the continuing ﬂ  ow of beads. Comparing the simulation of two 
ﬁ  lling processes with different boundary conditions, it is found 
that when other conditions are the same, fewer vents will bring 
about higher partial pressure but longer ﬁ  lling time resulting 
from insufﬁ  cient exhausting. Besides, fewer vents will easily 
lead to a less compact ﬁ  lling.
With the ﬁ  nancial aid of the America Energy Administration 
and NASA, the Arena-ﬂ  ow Company brought out commercial 
software named ‘Arena-ﬂ  ow’ for numerical simulation of the 
core-shooting process, with the cooperating of GM. In 2003, 
the Arena-ﬂ  ow Company developed the software to simulate 
the bead ﬁ  lling process in lost foam casting. ‘Arena-ﬂ  ow’ is 
the ﬁ  rst commercial software with this function.
To test the validity of numerical simulation, the simulation of 
the process of ﬁ  lling an 8 mm plate by Arena-ﬂ  ow Company in 
2003 is cited in this study for comparison. The experiment was 
to ﬁ  ll a mould using beads of two colors from separate shooting 
inlets. The structure of the mould is shown in Fig.6.
(a) 0.12 s                (b) 0.46 s                   (c) 1.02 s                        (d) 1.64 s
Fig. 4 Numerical simulation of the ﬁ  lling process with 45 gas vents
(a) 0.12 s                (b) 0.46 s                   (c) 1.02 s                        (d) 1.64 s
Fig. 5 Numerical simulation of the ﬁ  lling process with 69 gas vents
 Fig. 6 Mould structure 
(a) 0.12 s                             (b) 0.31 s                       (c) 0.66 s                            (d) 1.04 s
Fig. 7 The simulation result of study in this paper
The results of numerical simulation are compared with the 
results produced by Arena-ﬂ  ow shown in Fig. 7 and Fig. 8. 
It is found that the ﬂ  uid trend of foam bead in the numerical 
simulation is in quite close agreement to the results produced 
by Arena-ﬂ  ow, which shows that adopting this method in lost 
foam casting is feasible.CHINA FOUNDRY Vol.5 No.3
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3 Summaries
This study uses numerical simulation to study the fluid 
dynamic characteristics during foam bead filling process 
based on a Euler/Lagrange discrete particle model. The ﬁ  lling 
process is related to the boundary conditions. The mould was 
ﬁ  lled under different exhaust conditions, but the shooting time 
of the mould with fewer vents was found to be too long to ﬁ  ll 
adequately.
When simulating an 8 mm plate pattern with two shooting 
inlets, the result is in agreement with that simulated by the 
software of Arena-flow. So applying this method to bead 
ﬁ  lling processes is quite efﬁ  cient and appropriate. 
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